and trihydride. Although the synthesis of fcc-LaH has yet to be reported, the occupation of the O-site has been theoretically predicted to be energetically favorable for fcc-LaH x in x < 0.1 [11] .
Our previous synchrotron radiation (SR) x-ray diffraction (XRD) measurements revealed that dihydrides with fcc metal lattices commonly decompose into H-rich and H-poor fcc phases [12] . Ambient temperature compression of LaH 2 causes the metal lattice to distort from fcc to face-center-tetragonal (fct) and disproportionation occurs at 11 GPa. Infrared (IR) spectroscopy measurements indicate the H-rich phase gradually approaches LaH 3 upon further compression [13] . Comparing the volume expansions of the metal lattices for the H-poor phase and pure La metal at corresponding pressures, the estimated H composition of the H-poor phase LaH x is 0.6-0.7. This value is unusually large for a solid solution.
In this letter, we present the unprecedented formation of mono-deuteride (fcc-LaD) with octahedrally coordinated deuterium by disproportionation reaction The neutron powder diffraction (NPD) measurements on LaD 2 are performed to determine the location and occupancy of the D atoms in the fcc metal lattices. Additionally, a first-principle calculation reveals the thermodynamics underlining the disproportionation reaction. These structural parameters agree well with previously reported values [15] .
SR-XRD measurements were conducted for LaD 2 at pressures up to 18 GPa at ambient temperature using the high-pressure station of BL22XU [16] at SPring-8. A diamond anvil cell was employed as a high-pressure cell. Details of the experimental set up and techniques are reported elsewhere [12, 17] .
A Paris-Edinburgh (PE) press [18] was employed for high-pressure NPD measurements.
A metal gasket composed of a TiZr null alloy, the shape and size of which were optimized in advance using SR x-rays at BL14B1, SPring-8, was employed to generate high pressures above the disproportionation pressure in the PE cell. LaD 2 powder was encapsulated together with a pressure medium of a deuterated methanol-ethanol 4 : 1 mixture in the metal gasket, and pressurized between the opposing double-toroidal anvils made of sintered diamonds. NPD patterns were measured up to 17 GPa at ambient temperature using a highintensity total diffractometer, NOVA, constructed at a pulsed neutron facility, J-PARC. The sample pressures were estimated from the equation of state determined for LaD 2 by the SR-XRD measurement. Simulated diffraction patterns were calculated using the RIETAN-FP program [19] . Details of the experimental set up and techniques are reported elsewhere [20] .
The calculations are based on the generalized gradient approximation [21] with the Perdew-Burke-Ernzerhof parameterization [22] for the exchange-correlation functional to density functional theory [23, 24] using Quantum ESPRESSO code [25] . The electronic orbitals were expanded in a plane wave basis set with a kinetic energy cutoff of 60 Ry. The Brillouin zone (BZ) integrations in the electronic calculations were performed using Monkhorst- Next, we examined the thermodynamics of the disproportionation reaction and the lattice stabilities of LaH, LaH 2 , and LaH 3 based on first-principle calculations. Details of the calculations are reported elsewhere [30] . [5] P. J. Kelly, J. P. Dekker, and R. Stumpf, Phys. Rev. Lett. 78, 1315 (1997). 
